Electroluminescent Driver Circuit 

Cross Reference to Related Cases 
[0001] This application is a divisional application of U.S. Application Serial No. 
10/051,865, entitled "Electroluminescent Driver Circuit," filed January 16, 2002. 

Technical Field 

[0002] The present invention relates generally to electroluminescent driver circuits 
and in particular the present invention relates to an electroluminescent driver circuit 
with improved power consumption efficiency. 

Background 

[0003] An electroluminescent lamp (EL-lamp) is a light source that is typically used 
for portable (battery operated) electronic devices. An EL-lamp is constructed similar to 
a capacitor in that it has a dielectric positioned between two electrodes. In an EL-lamp, 
one of the electrodes is transparent. Typically, a phosphor powder is used to radiate 
light when a strong electrical field is applied across it. The phosphor powder may be 
contained in the dielectric layer or it may be in a separate layer that is adjacent the 
dielectric layer. The EL-lamp is illuminated when an alternating current (AC) is 
applied across the electrodes. An integrated driver circuit (an EL driver) is typically 
used to convert direct current (DC) from the battery to a desired AC current. An 
example of a three port EL driver is described in US Patent No. 5,347,198 to Kimball 
which is incorporated herein by reference. 

[0004] In a typical EL driver application, the EL driver will deliver a voltage to the 
lamp on the order of 160 to 240 volts peak to peak. The lamp frequency is typically 
100 to 800 HZ. If EL-lamps are used as backlights for color displays, a white panel 
will be used that may require peak-to-peak voltage swings as high as 400V. In this 
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type of application the displays tend to be relatively large. Accordingly, the load will 
need to store a large amount of energy at each peak to work properly. 

[0005] It is desired that the EL-lamp and its associated EL driver circuit to generate 
the maximum amount of illumination with minimum power drain. The efficiency of a 
typical integrated EL driver is generally less than 35%. This efficiency is calculated as 
the energy delivered to the load divided by the energy drained from the battery. 
Accordingly, it is desired in the art to improve the efficiency of EL-drivers. 

[0006] For the reasons stated above and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for an efficient EL-driver. 

Summary 

[0007] The above-mentioned problems with EL-drivers and other problems are 
addressed by the present invention and will be understood by reading and studying the 
following specification. 

[0008] In one embodiment, an electroluminescent driver circuit is disclosed. The 
electroluminescent driver circuit comprises a load to provide illumination, an inductor, 
a transistor and a plurality of switches. The inductor has a first side that is coupled to a 
positive terminal of a power supply and a second side that is selectively coupled to the 
load. The transistor is coupled to selectively conduct current from the second side of 
the inductor to a ground terminal of the power supply in response to a digital signal. 
The plurality of switches are coupled to the load to selectively charge and discharge the 
load, wherein the switches selectively provide a discharge path for positive charge on 
the load to be discharged to the positive terminal of the power supply. 

[0009] In another embodiment, an electroluminescent lamp (EL-lamp) driver circuit 
is disclosed. The electroluminescent lamp (EL-lamp) driver circuit comprises a first 
inductor, a first transistor, a load and four switches. The first inductor has one side 
coupled to a positive terminal of a power supply. The first transistor is used to provide 
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a cyclic charging current path from the second side of the first inductor to ground. The 
first transistor is cycled on and off by a first digital signal. The load is used to provide 
an illumination source. The load is coupled to the four switches in a H-bridge 
configuration. A first pair of the four switches selectively couple the load to a second 
side of the first inductor and a second pair of the four switches selectively couple the 
load to the positive terminal of the power supply. The switches are selectively opened 
and closed to charge and discharge the load, wherein positive charge on the load is 
discharged to the positive terminal of the power source. 

[0010] In another embodiment, an EL-lamp circuit is disclosed. The EL-lamp 
circuit comprises an inductor, a charging transistor, a load and a discharging transistor. 
The inductor has a first side coupled to a positive terminal of a power supply. The 
charging transistor is used to provide a cyclic current path from a second side of the 
charging inductor to a negative terminal of the power supply during a charging portion 
of a charging/discharging cycle. The charging transistor is controlled by a digital 
charging signal. The load is selectively coupled to a connection between the second 
side of the charging transistor and the charging transistor. The discharging transistor is 
used to provide a cyclic current path from the load to a second side of the inductor 
during a discharging portion of a charging/discharging cycle. The discharging transistor 
is controlled by a digital discharging signal, wherein charge stored on the load is 
discharged to the positive terminal of the power source during a discharge cycle. 

[0011] In another embodiment, an EL-lamp circuit is disclosed. The EL-lamp 
circuit comprises a charging inductor, a charging transistor, a load, a discharging 
transistor and a plurality of switches. The charging inductor has a first side coupled to a 
positive terminal of a power supply. The charging transistor is used to provide a cyclic 
current path from a second side of the charging inductor to a negative terminal of the 
power supply. The charging transistor is controlled by a digital charging signal. The 
load is selectively coupled to a connection between the second side of the charging 
transistor and the charging transistor. The discharging inductor has a first side coupled 
to the positive terminal of the power supply. The discharging transistor is used to 
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provide a cyclic current path from the load to a second side of the discharging inductor. 
The discharging transistor is controlled by a digital discharging signal. The plurality of 
switches are coupled to the load to control the charging and discharging of the load, 
wherein positive charge stored on the load is discharged to the positive terminal of the 
power source during a discharge cycle. 

[0012] In another embodiment, an EL-lamp circuit is disclosed. The EL-lamp 
circuit comprises a first inductor, a first transistor, a second transistor, a load, a first 
switch, a second switch, a second inductor and a third transistor. The first inductor has 
a first side and a second side. The first transmitter is used to provide a cyclic current 
path from a positive terminal of a power supply to the first side of the first inductor. 
The first transistor is cycled by a first drive signal. The second transistor is used to 
provide a cyclic current path from the second side of the first inductor to a ground. The 
second transistor is cycled by a second drive signal. The load is used to provide 
illumination. The load has a first electrode and a second electrode. A first switch is 
coupled between the current path between the first transistor and the first side of the 
first inductor and the first electrode of the load. The second switch is coupled between 
the current path between the second side of the first inductor and the second transistor 
and the first electrode of the load. The second inductor has a first side and a second 
side. The second side is coupled to the positive terminal of the power supply. The third 
transistor is used to provide a cyclic current path between the first electrode of the load 
and a first side of the second inductor. The third transistor is cycled by a discharge 
signal, wherein the third transistor is cycled to discharge positive charge on the first 
electrode of the load to the positive terminal of the power supply. 

[0013] In another embodiment, a method of operating an EL-lamp circuit is 
disclosed. The method comprises storing positive charge on a first electrode of a EL- 
lamp with a power supply and discharging the positive charge stored on the first 
electrode to a positive terminal of a power supply. 
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[0014] In another embodiment, a method of operating a cycle of an EL-lamp driver 
circuit is disclosed. The method comprises placing a select amount of positive charge 
on a first electrode of a load with a power supply. Discharging the positive charge on 
the first electrode to a positive terminal of the power supply. Placing a select amount of 
positive charge on a second electrode of the load with the power supply. Discharging 
the positive charge on the second electrode to the positive terminal of the power supply. 

[0015] In another embodiment, a method of operating a cycle of an EL-lamp driver 
circuit is disclosed. The method comprises placing a select amount of positive charge 
on a first electrode of a load with a power supply. Discharging the positive charge on 
the first electrode to a positive terminal of the power supply. Placing a select amount of 
negative charge on the first electrode of the load with the power supply. Discharging 
the negative charge on the first electrode to a ground. 

Brief Description of the Drawings 
[0016] The present invention can be more easily understood and further advantages 
and uses thereof more readily apparent, when considered in view of the description of 
the preferred embodiments and the following figures in which: 

[0017] Figure 1 is a schematic diagram of an EL-lamp circuit of the prior art; 

[0018] Figure 2 is a schematic diagram of an EL-lamp circuit of one embodiment of 
the present invention; 

[0019] Figure 2A is a schematic diagram of another embodiment of an EL-lamp 
circuit of the present invention; 

[0020] Figure 3 is a schematic diagram of another embodiment of an EL-lamp 
circuit of the present invention; 

[0021] Figure 3A is a flow chart illustrating a cycle (charging and discharging) of 
one embodiment of the present invention; 
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[0022] Figure 4 is a schematic diagram of another embodiment of a EL-lamp circuit 
of the present invention; 

[0023] Figure 5 is a schematic diagram of yet another embodiment of an EL-lamp 
circuit of the present invention; and 

[0024] Figure 5A is a flow chart illustrating a cycle (charging and discharging) of 
one embodiment of the present invention. 

[0025] In accordance with common practice, the various described features are not 
drawn to scale but are drawn to emphasize specific features relevant to the present 
invention. Reference characters denote like elements throughout Figures and text. 

Detailed Description 

[0026] In the following detailed description of the preferred embodiments, reference 
is made to the accompanying drawings, which form a part hereof, and in which is 
shown by way of illustration specific preferred embodiments in which the inventions 
may be practiced. These embodiments are described in sufficient detail to enable those 
skilled in the art to practice the invention, and it is to be understood that other 
embodiments may be utilized and that logical, mechanical and electrical changes may 
be made without departing from the spirit and scope of the present invention. The 
following detailed description is, therefore, not to be taken in a limiting sense, and the 
scope of the present invention is defined only by the claims and equivalents thereof. 

[0027] Embodiments of the present invention relate to an EL driver that recover 
stored charge and stored energy on an EL-lamp to improve the efficiency of an EL-lamp 
circuit. Before a detailed description is presented, further background is provided to aid 
in the understanding of the present invention. Referring to Figure 1, a schematic 
diagram illustrating a simplified EL-lamp circuit 1 00 of the prior art is shown. In 
particular, Figure 1 illustrates an EL-Driver H-bridge output section of the circuit. As 
illustrated, the EL-lamp circuit 100 includes a transistor 102, an inductor 104, a load 
106 (the EL-lamp 106), diode 108 and switches 1 10 (SI), 1 12 (S2), 114 (S3) and 1 16 
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(S4). As illustrated in Figure 1 , a positive voltage of a battery is coupled to lead 1 1 8. 
Moreover the ground of the battery is coupled to an emitter 107 of the transistor and 
switches S3 and S4. 

[0028] The EL-lamp circuit 100 starts operation by first closing switches SI and S4 
and opening switches S2 and S3. Transistor 102 is then cycled on and off by a digital 
signal as illustrated in Figure 1 . The frequency of the digital signal is typically in the 
range of 10 KHz to 50 KHz. Typically in a cycle of time, the digital signal provides a 
longer high signal than a low signal. Accordingly, the time the transistor 102 is on is 
typically longer than the time it is off time during a cycle. During the time when the 
transistor 102 is on (a high signal is being applied to the base 103 of the transistor 102), 
current flows through the inductor 104, and the collector 105 and emitter 107 of the 
transistor 102 to ground. When the transistor 102 is turned off by a low signal on the 
base 103, the voltage at the collector 105 begins to rise because the inductor does not . 
give up the current immediately. This causes a pulse of current to flow through diode 

108 and switch SI. Charge will then collect on a first electrode 109 of load 106. 
Thereafter, during each on-off cycle of the transistor 102 additional charge is delivered 
to the load and its voltage rises incrementally on each cycle. In closer detail, the 
amount of illumination that is produced by the load 106, can be determined by the 
equation illumination = V 2 C, wherein V is the voltage and C is the frequency. A 
constant may be introduced into the equation depending upon the color of the 
illumination and how the load 106 (EL-lamp) is set up. The energy stored on electrode 

109 of load 106 each subsequent cycle is !/2V 2 C, where: C equals the capacitance of the 
load. 

[0029] Once a desired voltage is reached on electrode 109 of load 106, switches SI 
and S2 are opened and switches S3 and S4 are closed. This causes the load 106 to 
discharge to 0V (the first electrode 109 is coupled to ground through switch S3). On 
the next half cycle, switches SI and S4 are opened and switches S2 and S3 are closed. 
This causes charge to collect on a second electrode 1 1 1 of the load 106. The transistor 
102 is again cycled by the digital signal until the load is charged to a desired voltage. 
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Once a desired voltage has been achieved, switches S3 and S4 are then closed thereby 
dumping the charge on the second electrode 111 of the load 106 to ground. 

[0030] The above-described steps describe a complete AC cycle across the load 106 
in the prior art device of Figure 1 . As described, in each half cycle the charge on the 
load 106 was simply dumped to ground. In the embodiments of the present invention, 
the charge on a load (EL-lamp) is returned to the power supply instead of dumping it to 
the ground to create a more efficient EL-lamp circuit. 

[0031] Referring to Figure 2, one embodiment of an EL-lamp circuit 200 of the 
present invention is shown. As shown, this embodiment includes transistor 202, 
inductor 204, load 206 (EL-lamp 206), and switches 210 (SI), 212 (S2), 214 (S3) and 
216 (S4). A first side of inductor 204 is coupled to lead 218. Lead 218 is coupled to a 
positive terminal of a voltage power supply. Another side of inductor 204 is coupled to 
a collector 205 of transistor 202. An emitter 207 of transistor 202 is coupled to ground. 
A base 203 of transistor 205 is coupled to receive a digital signal from oscillator 201 . 
An anode of diode 208 is coupled to the connection between the inductor 204 and the 
collector 205 of the transistor 202. A cathode of diode 208 is coupled to switches 1 10 
and 1 12. Switch 210 is coupled to switch 214 and switch 212 is coupled to switch 216. 
A first electrode 209 of the load 206 is coupled to a connection between the switches 
210 and 214 and a second electrode 21 1 of the load is coupled to a connection between 
switches 212 and 216. Switches 214 and 216 are further coupled to lead 220. Lead 220 
is coupled to the positive terminal of the voltage power supply. 

[0032] In the embodiment of Figure 2, charge collected on electrodes 209 and 21 1 
are dumped back into the power source at lead 220 at every half cycle instead of 
dumping the charge to ground as is done in the known art. In practice, the voltage 
peaks on the load are much higher than the power supply. For example, output peaks 
typically range from 80V to 120V while power supply (battery) voltages range from 1.5 
to 5 volts. This differential allows most of the stored charge to be dumped back to the 
battery. In practice, this approach can improve the efficiency of the EL-lamp circuit 
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200 over the prior art by 1 0 to 1 5%. The voltage supply (not shown) and a decoupling 
circuitry (not shown) must be robust enough to prevent supply noise that would 
interfere with the circuitry operating from the same voltage supply. Limiting the 
magnitude of the current dump into the battery can help reduce this effect. Moreover, 
in another embodiment, illustrated in Figure 2A, a secondary discharge path to ground 
is coupled to switches S3 and S4 to ensure the load 206 gets completely discharged. As 
illustrated, in this embodiment switch 230 and switch 232 selectively couple switches 
214 (S3) and 216 (S4) to ground. 

[0033] Another embodiment of an EL-lamp circuit 300 of the present invention is 
illustrated in Figure 3. As illustrated, this embodiment uses a charging inductor 304 and 
a discharging inductor 306. A first side of charging inductor 304 is coupled to a 
positive terminal of a battery 310. A second side of the charging inductor 304 is 
coupled to a collector 301 of a first transistor 302 (charging transistor 302). A base 303 
of first transistor 302 is coupled to receive a first digital signal 341 from oscillator 340. 
The emitter 305 of transistor 302 is coupled to a negative terminal of the battery 310. 
As illustrated, this embodiment also includes switches 330 (SI), 332 (S2), 334 (S3) and 
336 (S4) coupled in an H bridge configuration. Also included is an EL-lamp 308 (the 
load 308). The load 308 has a first electrode 307 and a second electrode 309. The first 
electrode is coupled to a connection between switch 330 and switch 334. The second 
electrode 309 is coupled to a connection switch 332 and switch 336. An anode of diode 
3 12 is coupled to the connection between the second side of the charging inductor 304 
and the collector 301 of the first transistor 302. The cathode of diode 3 12 is coupled to 
the connection between switches 330 and 332. 

[0034] The embodiment of Figure 3 also includes a second transistor 320 
(discharging transistor 320) and diode 314. Diode 314 is coupled to the connection 
between the second and fourth switches 332 and 336 and the cathode of diode 3 14 is 
coupled to the emitter 321 of the second transistor 321 . A base 323 of the second 
transistor 321 is coupled to receive a second digital signal 343 from oscillator 340. A 
first resistor 324 is coupled between a collector 325 of the second transistor 320 and the 



Docket No.:125.025US02 



9 



Intersil: SE-1747-TL.B 



negative terminal of the battery 310. Also included in this embodiment is a second 
resistor 318. The second resistor 318 has a first end coupled to the connection between 
the cathode of diode 314 and the emitter 321 of transistor 320 and a second end coupled 
to the base 323 of the second transistor 320. 

[0035] This embodiment further includes diodes 316, 322 and 326. The anode of 
the diode 316 is coupled to a connection between the first and third switches 330 and 
334 and the cathode of diode 3 1 6 is coupled to the first end of the second resistor 318. 
An anode of diode 322 is coupled to the connection between the collector 325 of the 
second transistor 320 and resistor 324 and the cathode of diode 322 is coupled to a first 
end of discharging inductor 306. A second end of the discharging inductor 306 is 
coupled to a positive terminal of the battery 3 1 0. Diode 326 has its cathode coupled to 
the connection between diode 322 and the first side of discharging inductor 306 and its 
anode coupled to the negative terminal of the battery 310. 

[0036] In the embodiment of Figure 3, the discharging inductor 306 pumps the 
energy stored on the load 308 each half cycle back to the battery 310. This 
conservation of energy results in a much larger charge returned back to the battery 310 
than the embodiment of Figure 2. In fact, the charge returned to the battery 310 can be 
several times the charge stored on the load. Charging of the load 308 of the 
embodiment of Figure 3 proceeds in a similar manner as described in the embodiments 
of Figures 1 and 2. The charging cycle (controlled by the first digital signal 341 cycling 
the first transistor 302) charges the first electrode 307 of the load 308 to its maximum 
peak value (desired value). The discharging cycle for the embodiment of Figure 3, 
however, is different than is described for the embodiment of Figures 2. After the first 
electrode 307 is charged (assume that switches 330, 332, 334, 336 are open at this 
point). The second transistor 320 is then cycled by the second digital signal 343. When 
the second transistor 320 is turned on, current will flow from the first electrode 307 of 
the load 308 through diode 316, through the collector 321 and emitter 325 of the second 
transistor 320, through diode 322, through the discharging inductor 306 and into the 
positive terminal of the battery 310. This current increases linearly and is controlled by 
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the voltage differential between the first and second electrodes 307 and 309 of the load 
and the value of the discharging inductor 306. The load 308 is only discharged during 
the on time. 

[0037] When the second transistor 320 is cycled off, the discharging inductor 306 
continues to conduct current to the battery 3 1 0 through diode 326. That is, during the 
off time, current flows from ground through diode 326 and the discharging inductor 306 
to the positive terminal of the battery 310. The timing is set so the current through the 
discharging inductor 306 does not have sufficient time to return to zero before the 
second transistor 320 is turned on again. In addition, it is desired to make the second 
transistor 320 off time be longer than the on time because it generally takes longer to 
discharge energy from the discharging inductor 306 during the off time cycle of the 
second transistor 320. In one embodiment, a single oscillator 340 is used to provide the 
first and second digital signals 341 and 343 to respectively cycle the first and second 
transistors 302 and 320. Oscillator 340 is set up to be non-symmetrical with a duty- 
cycle. For example, a duty cycle of 4 to 1 could be used. That is, in this example, the 
first transistor 302 is driven such that it is on 4 times as long as it is off and the second 
transistor 320 is driven so that it is off 4 times as long as it in on. However, other duty- 
cycles and different frequencies between the first and second signals 341 and 343 to 
drive the first and second transistors 302 and 320 can be used to maximize the 
efficiency of the EL-lamp circuit 300. 

[0038] As illustrated, the embodiment of Figure 3 also includes the decoupling 
capacitor 328. The decoupling capacitor 328 is coupled across the terminals of the 
battery 310 to provide a low-impedance path to ground to prevent undesired stray 
coupling among circuits in a system. In particular, the decoupling and battery 
arrangement of the present invention prevents noise from affecting other circuits that 
may use the battery 3 1 0. 

[0039] A flow chart 350 illustrating a cycle of EL-lamp circuit 300 is shown in 
Figure 3 A. As shown, the cycle starts by closing switches 330 (SI) and 336 (S4) and 
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opening switches 334 (S3) and 332 (S2) (352). The first electrode 307 of the load 308 
is charged positive by cycling transistor 302 (354) as described above. Switches SI, S2, 
S3 and S4 are then opened (356). The first electrode 307 is then discharged to the 
positive terminal of the power supply 310 by cycling the discharge transistor 320 (358). 
The second half of the cycle starts by closing switches S2 and S3 and opening switches 
SI and S4 (360). The second electrode 309 is then charged positive by cycling charging 
transistor 302 (362). Switches SI, S2, S3 and S4 are then opened (364). The cycle is 
completed by discharging the second electrode 309 of the load 308 to the positive 
terminal of the power supply 3 1 0 by cycling the discharging transistor (366). The next 
cycle starts at (352). 

[0040] Referring to Figure 4, another embodiment of the present invention is 
illustrated. In this embodiment, a single inductor 404 is used for the charging the load 
406 as well as discharging the load 406 to the battery 410. As illustrated, a first end of 
inductor 404 is coupled to the positive terminal of the battery 410. A second end of the 
inductor 404 is coupled to the collector 401 of a first transistor 402. A base 403 of the 
first transistor 402 is coupled to receive a first digital signal. The emitter 403 of the first 
transistor 402 is coupled to the negative terminal of the battery 410. As illustrated, this 
embodiment also includes switches 426 (SI), 428 (S2), 430 (S3) and 432 (S4) coupled 
in an H bridge configuration. Also included is an EL-lamp 406 (the load 406). The 
load 406 has a first electrode 407 and a second electrode 409. The first electrode 407 is 
coupled to a connection between switch 426 and switch 430. The second electrode 409 
is coupled to a connection between switch 428 and switch 432. The anode of diode 412 
is coupled between a connection to collector 401 of the first transistor 302 and switches 
426 and 428. The cathode of diode 412 is coupled to a connection between switch 426 
and switch 428. 

[0041] The embodiment of Figure 4 also includes a second transistor 408 and diode 
416. An anode of the diode 416 is coupled to a connection between the second and 
fourth switches 428 and 432 and the cathode of diode 416 is coupled to the emitter 41 1 
of the second transistor 408. A base 413 of the second transistor 408 is coupled to 
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receive a second digital signal. A first resistor 41 9 is coupled between a collector 415 
of the second transistor 408 and the negative terminal of the battery 410. Also included 
in this embodiment is a second resistor 418. The second resistor 418 has a first end 
coupled to the connection between the cathode of diode 416 and the emitter 41 1 of 
transistor 408 and a second end coupled to the base 413 of the second transistor 408. 

[0042] This embodiment also includes diode 414, 420 and 422. The anode of the 
diode 414 is coupled to a connection between the first and third switches 426 and 430 
and the cathode of diode 414 is coupled to the first end of the second resistor 418. In 
addition, diode 420 is coupled to a connection between the collector 41 5 of the second 
transistor 408 and a cathode of diode 422. The anode of diode 422 is coupled to the 
negative terminal of the battery. In this embodiment, the second end of the inductor 
404 is coupled to the connection between diode 420 and diode 422. Lastly, a 
decoupling capacitor 429 is coupled between the positive terminal of the battery and the 
negative terminal of the battery 410. 

[0043] In one embodiment of Figure 4, two oscillators are used. A first oscillator 
430 produces a first digital signal to cycle the first transistor 402 during charging 
operations and a second oscillator 433 produces a second digital signal to cycle the 
second transistor 408 at a different frequency during discharging operations. Charging 
of the load 406 takes place as is described above for the embodiments of Figures 2 and 
3 of the present invention. As stated, discharging to the battery 410 in this embodiment 
is done with the same inductor 404 that was used to do the charging of the load 406. 
For example, assume electrode 407 of the load 406 has been charged as described above 
to a desired level and that switches 426, 428, 430 and 432 are all in their open position. 
In discharging the load 406 to the battery 410, the second digital signal from the second 
oscillator 432 is coupled to the base 413 of the second transistor 408 to cycle the second 
transistor 408 on and off. When the second transistor 408 is cycled on (or turned on) 
current flows from electrode 407 through diode 414, diode 420, inductor 404 to the 
positive terminal of battery 410. This current will increase linearly and is controlled by 
the voltage differential between the first electrode 407 and the second electrode 409 of 
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the load 406 and the size of inductor 404. During the off period of the cycle, inductor 
404 will continue to conduct current to the positive terminal of the battery from the 
negative terminal of the battery and through diode 422 and inductor 404. 

[0044] As illustrated in Figure 4, the frequency of the first digital signal provided by 
the first oscillator 430 (to charge the load) is different than the frequency of the digital 
second signal from the second oscillator 432 (to discharge the load to the battery). 
Moreover, in one embodiment the on portion of a cycle of the second digital signal that 
is applied to the second transistor 408 is shorter than the off portion of the cycle of the 
second digital signal. 

[0045] Yet another embodiment of the present invention is illustrated in Figure 5. 
This embodiment can be applied to three output structures known in the art. As 
illustrated in Figure 5, a three port configuration 500 includes a first transistor 502 that 
is cycled on and off by a PNP - drive signal and a second transistor 504 that is cycled 
on an off by a NPN - drive signal. In this embodiment, an emitter 503 of transistor 502 
is coupled to a positive terminal of a battery. A base 510 of transistor 502 is coupled to 
receive the PNP - drive signal. A collector 505 of transistor 502 is coupled to a first 
side of a first inductor 506. A second side of the first inductor 506 is coupled to a 
collector 509 of transistor 504. The base 507 of transistor 504 is coupled to receive the 
NPN - drive signal. An emitter 5 1 1 of transistor 504 is coupled to ground. 

[0046] The embodiment of Figure 5 also includes diode 508 and diode 510. A 
cathode of diode 508 is coupled to the connection between the collector 505 of 
transistor 502 and the first side of the first inductor 506. An anode of diode 508 is 
coupled to switch 512. An anode of diode 510 is coupled to the connection between the 
second side of the first inductor 506 and the collector 509 of transistor 504. A cathode 
of diode 510 is coupled to switch 514. As illustrated the other side of switch 512 and 
514 are coupled together. Electrode 517 of load (EL-Load) 516 is coupled to the 
connection between the switch 5 1 2 and 5 1 4. Moreover, electrode 5 1 9 of load 5 1 6 is 
coupled to ground. 
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[0047] This embodiment also includes diodes 518, 528 and 530, resistors 520 and 
526, third transistor 524, second inductor 532 and decoupling capacitor 534. An anode 
of diode 5 1 8 is also coupled to the connection between the switch 5 1 2 and 514. A 
cathode of diode 51 8 is coupled to a first side of resistor 520 and an emitter 523 of 
transistor 524. A base 521 of transistor 524 is coupled to receive a discharge signal as 
illustrated. A second side of resistor 520 is coupled to the base 521 of transistor 524. A 
collector 525 of transistor 524 is coupled to a first side of resistor 526 and an anode of 
diode 528. A second side of resistor 526 is coupled to ground. A cathode of diode 528 
is coupled to a first side of inductor 532 and the cathode of diode 530. A anode of 
diode 530 is coupled to ground. A second side of inductor 532 is coupled to the 
positive terminal of the battery. The decoupling diode 534 is coupled between the 
positive terminal of the battery and ground. 

[0048] In use, the three port configuration 500 charges electrode 517 of the load 516 
positive, then discharges it and then recharges it negative. Although, this configuration 
does not lend itself to energy recovery as easy as the H bridge approach of the 
embodiments of Figures 2 - 4, it is possible to recover the positive half cycle. 
Moreover, the three port configuration 500 requires a process that is passively isolated 
because an output of the configuration goes above the supply rail and below the ground 
rail. In charging electrode 517 of load 516 in the positive direction, the first (PNP) 
transistor 502 is turned on by the PNP - drive signal and the second (NPN) transistor 
504 is cycled on and off by the NPN - drive signal. In charging electrode 517 of load 
516 in a negative direction, the second (NPN) transistor 504 is turned on by the NPN - 
drive signal and the first (PNP) transistor 502 is cycled on and off by the PNP - drive 
signal. To recover the energy on the positive half cycle, both the first and second 
transistors 502 and 504 are turned off and switch 512 and 514 are opened. The third 
(discharge) transistor 524 is cycled on and off by the discharge signal causing the 
positive charge on electrode 517 of the load 516 to be returned to the battery. 

[0049] A flow chart 550 illustrating a cycle of charging and discharging of the three 
port configuration 500 is illustrated in Figure 5A. As illustrated the cycle begins by 



Docket No.: 125.025US02 



15 



Intersil: SE-1747-TL.B 



opening switch 512 and closing switch 514 (552). Electrode 517 is then charged 
positive (554) by turning the first (PNP) transistor 502 on by the PNP - drive signal and 
cycling the second (NPN) transistor 504 on and off by the NPN - drive signal. 
Switches 512 and 514 are then both opened (556). The positive charge on electrode 517 
is then discharged to the positive terminal of the power supply (558) by cycling the 
third (discharge) transistor 524 on and off with the discharge signal. The next half of 
the cycle starts by closing switch 512 and opening switch 514 (560). Electrode 517 is 
then charged negative (562) by turning on the second (NPN) transistor 504 with the 
NPN - drive signal and cycling the first (PNP) transistor 502 on and off by the PNP - 
drive signal. Switch 512 is then opened and switch 514 is closed (564). The negative 
charge on electrode 517 is then discharged to ground (566) by turning the first (PNP) 
transistor 502 on while the second (NPN) transistor 504 is turned off thereby 
discharging the negative potential through inductor 506. A new cycle then begins at 
(554). 

[0050] Although, Figures 2-5 illustrate the embodiments of the present invention 
having ideal switches and bipolar devices, it will be understood in the art that other 
types of switches and driving transistors can be implemented, (such as complementary 
metal-oxide semiconductor (CMOS) and in some cases semiconductor controlled 
rectifier's (SCR's), and that the present invention is not limited ideal switches and 
bipolar devices. 

[0051] Moreover, although specific embodiments have been illustrated and 
described herein, it will be appreciated by those of ordinary skill in the art that any 
arrangement, which is calculated to achieve the same purpose, may be substituted for 
the specific embodiment shown. This application is intended to cover any adaptations 
or variations of the present invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents thereof. 
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